M
easures of health status that are based on patientreported outcomes are evolving, with self-report questionnaires increasingly being used in both medical research and clinical practice. 1 Measures based on patient-reported outcomes provide the patients' perception of their health status and experience, and many measures have been shown to be reliable, valid, sensitive to change, responsive, and usable. As a result, several institutes 2-4 are encouraging the medical research community to use patient-reported outcomes to support treatment effectiveness 5 and longitudinally monitor patients' progress. 6 In the management of spinal disorders, outcome measures are recommended for following the patient's selfreported function and supplementing traditional clinician examination data (eg, physiologic measures such as range of motion and muscle strength [force-generating capacity]) and supporting clinical success. 7 The current study builds on previous work where we developed, simulated, applied, and validated body part-specific computerized adaptive testing (CAT) applications 8 -14 and developed functional staging models [15] [16] [17] for patients seeking rehabilitation for a variety of impairments in outpatient physical therapy clinics. Here, we examine the clinical interpretation of patient-reported measures of functional status (FS), estimated using a CAT for patients with lumbar impairments 9,18 managed in outpatient rehabilitation clinics participating with Focus On Therapeutic Outcomes, Inc (FOTO), an international medical rehabilitation outcomes database management company. 19 The lumbar CAT was designed to efficiently evaluate each patient's function by selecting items that provided the maximum information related to the patient's functional status. 20 In contrast to giving each patient fixedlength questionnaires, a CAT administration selects items from the item bank one at a time based on an administrative algorithm. 9 The lumbar CAT starts by administering the most informative 20 item at median-level difficulty (ie, "Do you or would you have any difficulty at all with any of your usual work, housework, or school activities?"). Patients select answers to each item, and the CAT estimates the patient's FS score with associated standard errors (SEs). The CAT continues to administer items until a stopping rule 9 is satisfied. The final FS score represents a point estimate of FS for each patient on a linear scale of 0 to 100, with higher measures representing higher functioning.
Development, simulation, validation, and use of the 25-item lumbar spinespecific CAT have been described elsewhere. 9, 18, 21 Briefly, the item bank for the lumbar CAT was developed using items from the Back Pain Functional Scale (BPFS), 22,23 the physical functioning scale of the 36-Item Short-Form Health Survey questionnaire (SF-36), 24 and selected physical functioning items from other scales. 25, 26 Previous results 9, 18 supported that the lumbar CAT met essential item response theory (IRT) 20 assumptions of unidimensionality and local independence, and FS measures were precise, 9 valid, 9, 18 sensitive to change and responsive, 18 and practical, 21, 27 which supported lumbar CAT use in clinical and research applications. Differential item functioning, 28 which examines whether items perform differently across defined groups, was negligible for levels of symptom acuity, sex, age, and surgical history in the lumbar CAT. 9 The person reliability, analogous to Cronbach ␣ measuring internal consistency, was .92. A responsiveness index of minimal detectable change (MDC) at the 95% confidence interval (CI) was 9. The lumbar CAT was 72% more efficient than using all 25 items to estimate FS measures (ie, time to administer was shorter). 9 On average, patients took less than 2 minutes (SD Ͻ1 minute) to answer 7 CAT items (SDϭ3), which produced precise estimates of FS that adequately covered the content range with negligible floor and ceiling effects. 18 Clinically meaningful interpretations of the lumbar CAT have not been studied. For example, if a patient with low back seen for therapy has an intake FS score of 33 and a discharge FS score of 73 (0 -100 scale), information other than that the patient has improved 40 points should provide additional information for clinical reasoning and care planning. Therefore, the purpose of this study was to describe meaningful interpretations of FS outcome measures estimated using the body part-specific lumbar CAT. Clinicians may gain more information by being able to answer the following questions: (1) How confident can I be in a reported score? (2) How does my patient compare with others? (3) How much change is likely to represent a true change? (4) How much improvement is likely to represent a clinically important improvement to the patient? (5) What does a specific score mean?
To answer these questions, we utilized several approaches recommended by Jette et al, 29 Hays et al, 30 Schmitt and Di Fabio, 31 and Stratford
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This article was published ahead of print on July 8, 2010, at ptjournal.apta.org. Clinical Interpretation of a Lumbar CAT et al 32 and found to be positive in our own studies [15] [16] [17] to derive more clinically meaningful interpretations of outcome measures. To do so, we: (1) constructed a 95% CI for each score point estimate, (2) established percentile ranks of FS scores, (3) assessed minimal detectable change (MDC), (4) assessed minimal clinically important improvement (MCII), and (5) developed and applied a functional staging approach. The first 4 methods provided statistical indexes, and the fifth method provided a graphical presentation to guide clinical interpretation of the patient's improvement in interpreting estimated FS scores generated by the lumbar CAT.
Method Data Collection
Data collection and the sample are described elsewhere. 18 Patients seeking rehabilitation entered demographic data and completed selfreport surveys using Patient Inquiry computer software developed by FOTO* prior to initial evaluation and therapy. The CAT was administered at admission prior to initial evaluation and was administered again at discharge. Demographic data were entered by clinical staff.
Data were selected from the CAT database if patients: (1) were 18 years of age or older, (2) were managed for an orthopedic impairment of the lumbar spine, (3) received outpatient physical therapy, and (4) completed the CAT between July 2007 and August 2008.
Setting and Participants
A convenience sample of 17,439 patients with lumbar spine impairments receiving outpatient physical therapy in 377 outpatient clinics in 30 states (United States) was analyzed. The mean age of the patients was 51 years (SDϭ17, rangeϭ18 -100). Sixty percent were female. Fifty-two percent of the patients reported their symptoms as chronic (onset more than 90 days earlier) versus subacute (22-90 days earlier) (25%) and acute (0 -21 days earlier) (23%). Approximately 10% reported having no comorbid conditions, and 25% reported having 6 or more comorbid conditions. Patients received an average of 9 visits (SDϭ6). Identification of medical or surgical diagnoses was optional in the data collection, but of the patients with medical/surgical codes (57%), the most common diagnoses were associated with spinal pathology (ICD-9 codes 720 -724) (29%); soft tissue disorders (ICD-9 codes 725-729) (18%); postsurgical conditions, including diskectomy and fusion (5%); or sprains and strains, including sacroiliac region, lumbar spine, sacrum (ICD-9 codes 846 -848) (4%).
Patient Selection Bias
To assess the potential for patient selection bias introduced by incomplete data, we used chi-square statistics with standardized deviates [(observed minus expected)/(square root of expected)] for categorical data and Student t tests for continuous variables to assess differences between patients who had both intake and discharge data compared with patients with just intake data. to provide a global rating of change (GROC). 36 In this study, we chose the upper limit of ϩ3 or more (ϩ3 ϭ "somewhat better") in defining the MCII because previous studies [11] [12] [13] showed that this cut-score provided adequate assessment of important improvement. The threshold was determined using nonparametric receiver operating characteristic (ROC) 37 curve analysis. Results have been described elsewhere. 18 Here, we used the results to assist in clinical interpretation of the FS scores derived from the lumbar CAT.
Approaches to Deriving
Using a functional staging approach: What does a specific score mean? Can I use the score to assist in care planning? Functional staging 29 refers to a set of hierarchical outcome levels used to classify a patient into different stages describing the individual's expected FS within each level. The concept of functional staging evolved from Bookmark 38 and Keyform 39 methods. The Bookmark method provides guidelines to set a standard following of a prescribed, rational system of procedures that result in the assignment of a number to differentiate among 2 or more degrees of performance. 38 A Keyform is a unique product from IRT measurement models that provides a visual display of expected response patterns of an underlying measure. 39 By combining features from both methods, functional staging provides a visual display of a clinically logical classification system based on IRT measurement methods.
No functional staging model exists for patients with lumbar impairments, so we: (1) built a conceptual model using FS items from the lumbar CAT item bank whose hierarchical order represents clinical reasoning and the underlying measurement construct, (2) determined the IRTbased cut-scores between stages based on the hierarchical order established in step 1, and (3) specified the expected performance within each level.
Building a conceptual model.
We developed a functional classification system designed to be used in patients with lumbar spine impairments in both clinical and research settings that describes a functional hierarchy of physical activities: the Back Pain Function Classification System (BPFCS). The BPFCS is based on both the International Classification of Functioning, Disability and Health (ICF) 40 framework of activities performed and a clinically logical hierarchical progression of functional stages paralleling the numeric FS scores from 0 ("low FS") to 100 ("high FS") in the lumbar CAT scale. For example, patients typically report improvements in functional ability as they progress during the treatment episode (ie, they perform more physically challenging activities, thereby moving to a higher functional stage). We conceptually based our functional stages on increasingly more difficult activities commonly reported to be difficult for patients with lumbar impairments. Table 1 shows the general heading (activity level) and operational definition of each level of the BPFCS. We classified lumbar FS into 5 hierarchical functional levels: (1) is exceedingly limited in the ability to perform easy, routine functions; (2) exhibits extreme difficulty performing usual work or household activities; (3) exhibits moderate difficulty performing usual work or household activities; (4) exhibits little difficulty performing usual work or household activities and hobbies; and (5) back to normal life performing rigorous daily activities. Higher levels represent better functioning (ie, higher FS scores).
Determining the cut-scores. Grouping activities into the 5 BPFCS functional staging levels required establishment of 4 cut-scores along the FS continuum. To determine the cutscores, we performed 3 steps: (1) calibrated scores to the rating scale IRT model (RSM), (2) identified conceptual thresholds, and (3) associated conceptual thresholds with score thresholds.
To determine the cut-scores, we performed an exploratory analysis based on our initial conceptualization of the hierarchical FS levels to identify item-category thresholds for specific items where patients at the current level were likely to accomplish the performance described in the BPFCS. To achieve this, we matched the response categories of lumbar CAT items to the operational descriptions of 2 adjacent levels.
As a result, the cut-score between level 1 (exceedingly limited functionally) and level 2 (extreme difficulty performing work or household activities) was determined by finding the threshold between the "1" and "2" responses for the item "BPFSputting on shoes and socks" (see † Examples of "better" response options, as compared with no change or getting worse, are: (0) "almost the same," (1) "hardly any better at all," (2) "a little better," (3) "somewhat better," (4) "moderately better," (5) "a good deal better," (6) "a great deal better," and (7) "a very great deal better."
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).
In a similar manner, we identified the other cut-scores. For example, the cut-score between level 2 and level 3 (moderate difficulty performing work or household activities) was determined by finding the threshold between the "2" and "3" responses for the item "BPFS-lifting groceries from the floor." The cutscore between level 3 and level 4 (little difficulty performing usual hobbies) was determined by finding the threshold between the "4" and "5" responses for the item "BPFSperforming work or household activities." Finally, the cut-score between level 4 and level 5 (get back to normal life; can perform rigorous daily activities) was determined by finding the threshold between the "2" and "3" responses for the item "BPFSperforming vigorous activities."
After conceptually identifying itemcategory thresholds, we performed statistical analyses to find the cutscores between functional stages along the 0 to 100 FS continuous scale using Winsteps (version 3.68). 41 To do so, we took advantage of the inherent feature of the IRT mathematics. 20 We first analyzed the original lumbar CAT item bank 9 data using the Andrich 42 RSM. Within the RSM, each item was characterized by its category structure measure information (ie, category probability curves), which illustrates the probability of endorsing an item's response at a given level of ability (eg, the probability of responding "limited a little" to the item "walking one block" given a patient's estimated FS score).
The cut-scores between functional stages were obtained by finding the step calibration (ie, Andrich threshold) 43 at which adjacent categories are equally probable (ie, probability equals .5) based on what we have defined in the first step in determining the cut-scores. That is, we applied IRT statistical methods to find the threshold (a point on the FS scale) that represents the .5 probability of being in one category (eg, "unable") or the next higher category (eg, "extreme difficulty") in an item (eg, putting on your shoes or socks) as the cut-score between levels (in this case, levels 1 and 2).
In the final step in determining the cut-scores, the results of functional staging hierarchical levels were inspected. If the results were not logical (eg, clustered cut-scores), the same procedures were repeated until a clear cut-score was identified.
Specifying the expected performance. Once the initial conceptual functional staging was developed and the cut-scores were determined by the structure calibration, we specified the expected performance in each stage based on the RSM model. Here, expected performance represents the patient's predicted (ie, most likely) response.
Results

Patient Selection Bias
Over the testing time, 17,439 patients completed the lumbar CAT at intake, and of these, 6,607 completed the CAT at discharge (38% completion rate). 27 Compared with patients with complete data (ie, intake and discharge), patients with just intake data (Tab. 2) tended to have lower FS intake scores (49.9 ‡ BPFS rating scale categories: (1) unable to perform activity, (2) extreme difficulty, (3) quite a bit of difficulty, (4) moderate difficulty, (5) a little bit of difficulty, and (6) no difficulty. PF rating scale categories: (1) limited a lot, (2) limited a little, and (3) not limited at all. Because the SEs at discharge were similar to the SEs at intake, with an average of 0.15 score unit differences (minimumϭ0.00, maximumϭ0.33), we report only SEs associated with intake FS score estimations for brevity. Table 3 shows the CSEMs, one for each of the 10 intake scale ranges (0 -10, 11-20, . . . , 91-100). The CSEM was smallest (ie, 2.2) over the scale range of 41 to 60 and increased at both ends of the scale range. Few patients (1.1%) had intake FS scores less than 20, and 1.7% of patients had intake FS scores greater than 80, so we calculated 2 FS point estimates: one for the majority of patients with intake FS scores between 20 and 80 (ie, FS estimateϮ6.9) and one for patients with Ͻ20 or Ͼ80 FS intake scores (FS estimateϮ7.3).
Establishing the Percentile Rank of an FS Score: How Does My Patient Compare With Others?
The mean (SD) FS scores at intake and discharge were 50 (13) and 65 (16), respectively. On average, patients improved by 14 FS score units. Based on score distribution, 25th, 50th, and 75th percentile ranks corresponded to intake FS scores of 44, 51, and 59 and discharge FS scores of Figure 1 displays the functional staging of our BPFCS. The figure shows the expected response (the horizontal bars) to a given item as a function of the underlying lower-extremity ability (ie, FS) estimated by the lumbar CAT. In Figure 1 , the lumbar CAT items are listed in descending order of difficulty in the left column: more challenging items are listed on the top (ie, "Vigorous activities" and "Participating in a recreational sport"), and the easier items are listed at the bottom (ie, "Walking around a room" and "Bathing or dressing yourself"). Beneath the figure is the FS score continuum, ranging from 0 to 100 (higher values represent more functioning toward the right), separated by different levels of functional staging from level 1 (left or lower functioning) to level 5 (right or higher functioning). Lower levels (eg, levels 1-2) describe the patient's limited functional ability, and higher stages (eg, levels 4 -5) a Based on score distribution, 25th, 50th, and 75th percentile ranks corresponded to intake FS scores of 44, 51, and 59 and discharge FS scores of 54, 62, and 74, respectively. ScoreϭFS score estimated by the lumbar CAT at either intake or discharge, PR i ϭpercentile rank at intake, PR d ϭpercentile rank at discharge.
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indicate the patient can perform more rigorous activities and have little difficulty performing work tasks. The threshold probability results identified 23 as the cut-score between functional levels 1 and 2, 38 as the cut-score between functional levels 2 and 3, and so forth. Items are displayed using either 3 response categories for physical functioning items or 6 levels for BPFS items.
Using the functional staging method, we can compare the patient's FS score with the functional stages to better interpret the patient's FS score. The expected responses of each lumbar CAT item at each functional level can be obtained by drawing a vertical line over an FS measure (x-axis) on Figure 1 . By doing so, clinicians can see all of the expected responses to all items even when the patient did not answer the items during administration of the lumbar CAT. If a clinician has a patient's FS scores reported at 2 points in time, the clinician can track the patient's progress by drawing 2 vertical lines and inspecting the overall FS change. The information also is useful when the clinician would like to understand the patient's answer to a specific question asked by the CAT at intake but not at discharge.
In this sample of patients with lumbar impairments receiving outpatient physical therapy, the percentages of patients in each functional staging level at intake and discharge are presented in Table 5 . Patients were classified into functional staging levels based on their intake (rows) and discharge (column) FS scores.
A Clinical Example
To illustrate how to use these strategies to enhance clinically meaningful interpretation, we will answer the questions posed. Our patient, "Mr Jones" (male, age 25 years), came to the clinic due to acute nonspecific or mechanical low back pain. His FS score at admission was 33, and his discharge FS score after receiving 4 outpatient therapy visits was 73 (FS score change of 40). To visualize his responses to our lumbar CAT, we plotted all of his responses in Figure 2 : yellow circles identify his responses at intake, and purple circles identify his responses at discharge. Mr Jones received 8 items at intake and 14 items at discharge using the lumbar CAT. The increase in the number of items administered may be due to Mr Jones' higher functional abilities reported at discharge. Specifically, more questions are required for higher (as well as lower) functional scores during the CAT algorithm to accurately estimate the patient's function and satisfy the CAT stopping rules. 9
The 95% CI estimate of his intake FS score location was 28 to 38. Compared with other patients with a variety of lumbar impairments, Mr Jones' PR at intake (PR i ) was 5, indicating that his FS (estimated by FS score) exceeded that of 5% of the patients at intake who also had lumbar impairments. The functional staging algorithm classified Mr Jones as having "extreme difficulty performing work or household activities" (level 2). During the lumbar CAT administration, Mr Jones reported having a lot of limitation walking one block and performing his usual work. He reported having a little limitation walking around a room and bathing or dressing.
At discharge, Mr Jones' 95% CI estimate of his score location was 66 to 80. Compared with other patients at discharge, Mr Jones' PR at discharge (PR d ) was 72. The functional staging classification suggested Mr Jones improved to level 4 ("little difficulty performing usual hobbies"). With an improvement of FS score change of 40, Mr Jones' improvement was considered to be greater than measurement error (FS score change was Ͼ7, which was ϾMDC 95 ) and clinically meaningful (FS score change by quartile Ͼ MCII cut-score of 9), as supported by Mr Jones' perspective that his condition was "a very great deal better." At the time of discharge, Mr Jones reported having no difficulty performing many functional tasks, including participating in recreational sports, walking more than a mile, and climbing several flights of stairs. He reported having little difficulty performing heavy activities and standing for an hour and a little limitation in little lifting or carrying groceries and lifting overhead to a cabinet.
Discussion
The results of the current study followed approaches recommended by Jette et al, 29 Hays et al, 30 Schmitt and Di Fabio, 31 and Stratford et al 32 to derive more clinically meaningful interpretations of outcomes measures, which might facilitate use of these measures by clinicians in their routine clinical practice. Current and previous 9, 18, 21, 27 data suggest the lumbar CAT FS estimates are precise, valid, sensitive to change, responsive, and clinically usable, providing a good foundation on which to build clinical interpretations of FS outcomes.
Instead of using a single method, we integrated several different methods, including traditional score distribution (ie, SE, percentile), sensitivity to change (ie, MDC), responsiveness indexes (eg, MCII) and functional staging to enhance clinical interpretation of patient-reported measures estimated using a body-specific CAT. The pros and cons of these methods have been reported. [15] [16] [17] Briefly, standard errors of measurement, which vary by level of FS under IRT models, allow assessment of score precision (ie, point estimates and MDC) along the FS continuum. However, the same methods demonstrate that extreme scores are likely to have larger SEs, which tend to make conclusions related to high scores difficult.
The primary strength of this study is that functional staging allows clinical interpretation of FS scores generated by the lumbar CAT through a visual display of functional stage levels using IRT methods. Because there is no well-established back pain functional classification system based on clinical measurement that is commonly used in medical research and clinical practice, we developed the BPFCS based on IRT methods and our initial conceptualization of the hierarchical functional staging levels and previous studies. 44, 45 The functional staging model seems clinically relevant, and our preliminary results support the validity of the model (Tab. 5). However, validation of our functional staging model is needed.
Numerous methods have been proposed to enhance clinical interpretation of outcomes measures, but the majority have focused on sensitivity to change and responsiveness using Clinical example. The patient's (Mr Jones) responses are circled in the figure: yellow circles identify the responses at intake, and purple circles identify the responses at discharge. FSCHϭdischarge functional status (FS) -intake FS, GROCϭglobal rating of change. 1-6 scale: 1ϭunable to perform activity, 2ϭextreme difficulty, 3ϭquite a bit of difficulty, 4ϭmoderate difficulty, 5ϭa little bit of difficulty, and 6ϭno difficulty; 1-3 scale: 1ϭlimited a lot, 2ϭlimited a little, and 3ϭnot limited at all; the ":" is the threshold cut-score between contiguous responses per item. In addition, the validity of utilizing a retrospective GROC approach has been criticized 49 because of the potential for recall bias, and the rating results might be influenced by status at discharge since the GROC relies on retrospective judgments experienced over weeks or months. The retrospective rating is valid to the extent that clinicians routinely ask patients whether they have noticed a change and incorporate the response into the decision-making process. Moreover, the GROC approach does not consider measurement precision and thus has unknown reliability. 35 Nonetheless, many researchers have proposed the retrospective GROC approach as one external anchor to capture a patient's perception of important improvement, along with ROC analysis as a valid sensitivity-to-change method. [11] [12] [13] 36 There might be confusion related to the association between our estimates of measurement error, MDC and MCII, which represent different concepts and distributions and require different estimation methods. 
Conclusion
With clinical interpretation and immediate test scoring and reporting using CAT administration, administrators, clinicians, researchers, and policy makers will benefit as more information describing patients' functional outcomes and other constructs can be assessed, displayed, reported, and interpreted. Dr Wang, Dr Hart, and Dr Mioduski acknowledge that they are employees of Focus On Therapeutic Outcomes, Inc (FOTO), the database management company that manages the data analyzed in the study. Mr Mioduski programmed the software used to collect the data and managed the data collected from the CAT. Mr Werneke is independent of FOTO but works for CentraState Medical Center, which uses FOTO software to manage patients receiving outpatient rehabilitation. Mr Werneke was involved in the conceptual development of the functional staging classification system of the project. Mr Stratford is independent of FOTO but is one of the developers of the Back Pain Functional Scale, on which part of the lumbar CAT was developed.
